A procedure Is provided for the 'determination of mercury in animal tissue using a single unit stationary cold-vapor generator utilizing atomic absorption spectrophotometry. The entire reduction-absorption cell is fitted to the burner mount on the instrument. Sample digests are introduced into the sample compartment along with reductant, end background corrected absorbanoe is measured after three minutes of sample-reductant mixing. The method Is sensitive to 2 ng Hg (0.50 ng/mL Hg at 0.0044 absorbance units), which corresponds to 25 ng Hg per gram wet tissue using the prescribed digestion procedure. Reproducibility and accuracy are comparable to conventional cold-vapor techniques and the fact that relatively small sample aliquots (4.0 mL) are used for analysis provides for multideterminations of Hg in a single tissue digest; this is not ordinarily possible using conventional cold-vapor methods. A total of 15 digested tissue sample can be analyzed par hour. The method is proposed as an alternative to presently used cold-vapor Hg techniques.
Uthe et el. (3) described a system in which Hg in the sample digest is reduced by stannous sulfate in an enclosed vessel and then swept through a dessicator tube to an absorption cell. Rains and Menis (4) found that the dessicator could be eliminated if heating coils were placed around the absorption tube, thus reducing water vapor formation. A somewhat simpler method described by Tong (5) involved both the reduction as well as direct-atomic-absorption measurement of Hg in the vapor phase, utilizing a 4 cm UV cell. The procedure required removing the cell in order to mix the sample and reductant, prior to measuring the absorbance of Hg in the air space of the cell.
Conceivably, the requirement of either removing the absorption cell for mixing or using separate reduction and absorption chambers can be eliminated by using a single apparatus in which the sample and reductant are mixed, and the Hg that is released to the vapor phase is measured. This study describes such a system, consisting of a sample-reductant mixing chamber and an absorption cell combined into a single unit.
Experimental I n t r o d u c t i o n
Flameless atomic absorption spectrometry employing coldvapor Hg generation is finding wide application in toxicology laboratories for the determination of mercury in biological materials. The procedure consists of first digesting the sample in acid at a relatively low temperature (55-60~ then potassium permanganate or potassium dichromate is added to further oxidize the organic matter; and finally, the Hg in the digest is reduced to its elemental state, passed into a cell as a vapor and the absorbance measured at 2537 /~. Various methods of sample digestion, oxidation, and vapor generation have been proposed and were reviewed by Ure (1) as well as by Koch and Manning(2).
Apparatus
Mercury determinations were performed with a Jarrell-Ash Model 810 atomic absorption spectrophotometer (Jarrell-Ash Division, Fisher Scientific, Waltham, Massachusetts) equipped with an automatic background correction. A Jarrell-Ash hollow cathode lamp (#45493) and a Varian hydrogen continuum lamp (Varian Associates, Walnut Creek, California, #4H1046) were used for Hg and background correction measurements, respectively.
A glass reduction-absorption cell in a wooden holder was placed in the atomization compartment ( Figure 1 ). The cell consisted of a glass tube, 16 cm long with an outside diameter of 2.5 cm. Quartz windows were attached to the ends of the tube and a sample-reductant container (5 cm x 2 cm x 1 cm) was built into the bottom. In addition, ports for sample, Journal of Analytical Toxicology, Vot. 5, March/April 1981 reductant, or washing solution addition, air intake, and sample removal were provided as is shown in Figure 1 , (a), (b), and (c), respectively.
An air or water driven magnetic stirrer (G. Frederick Smith Chemical Co., Columbus, Ohio) was positioned 2 cm below the bottom of the sample container and a magnetic stir bar placed inside the container to facilitate sample-reductant mixing. The stirrer and sample removal port were each connected by Tygon tubing to a Y connector that was fastened to a single length of Tygon tubing leading to a flask. The flask was connected by vacuum tubing to a vacuum outlet. A 1:I mixture of 0.1 N KMnO4 and 10070 H2SO 4 was kept in the bottom of the flask in order to trap Hg in solution in waste sample. The flask was situated in an exhaust hood to prevent possible release of reduced Hg into the laboratory atmosphere.
Reagents
A stock Hg solution was prepared by dissolving 0.1354 g mercuric chloride in 75 mL distilled-deionized water. Ten mL HNO 3 was added and volume adjusted to 100 mL. Working solutions of Hg contained 50/0 (v/v) HNO3 and 0.0107o CrO72-, as recommended by Feldman (6) for preservation of dilute Hg standards.
The reductant was prepared by adding, slowly with swirling, 10 mL H2SO 4 to 60 mL distilled deionized HzO. After the solution was cooled, 2.5 g NaCI, 2.5 g hydroxyl amine sulfate and 5.0 g stannous sulfate were added in the order given. The solution was mixed, diluted to 100 mL, then filtered through Whatman #1 filter paper in a Buchner funnel into a glass stoppered bottle.
Borosilicate glassware was used throughout. Mercury was removed from the glassware by acid washing in 20070 concentrated HNO3, followed by thorough rinsing with distilled-deionized water. The glassware was then baked for 16 hr at 450~ to remove all traces of absorbed Hg. Reagent grade chemicals were used, as were Baker "instra-analyzed" acids (J.T. Baker & Co., Phillipsburgh, New Jersey) and distilled-deionized water.
Procedure
Tissue digests of between 0.10 and 0.50 grams were weighed and then digested in 6 mL 20070 HNO 3 -80070 H2SO4 in Kjeldahl flasks as prescribed by Armstrong and Uthe (7) . Flasks were then incubated at 58~ in a shaking water bath until dissolution was complete. Digests were allowed to cool at room temperature for 1 hr, followed by cooling in ice for 0.5 hr. Potassium permanganate (8070 solution) was then added slowly with swirling until a permanent pink color was observed in the digests. Flasks were capped, removed from the ice bath and left at room temperature for 4 hours prior to being washed into 25 mL volumetric flasks and brought to volume. Mercury standards as well as a blank consisting of 0.5 mL distilled-deionized water were taken through the same digestion procedure.
Instrumentation parameters were those recommended by the manufacturer for the traditional cold-vapor Hg method (8) . The integrator was set at 1.0 sec. Energy levels for Hg and continuum lamps were 8 and 30 mA, respectively. Burner horizonal and vertical adjustment knobs were used to position the reduction-absorption cell into the light path. The sequence of Hg measurement for samples and standards was the following:
I. An aliquot of 1-5 mL sample or standard was pipetted into the sample container through a port on the top of the cell (Fig. la) .
2. Reductant (1 mL) was then pipetted into the cell through the same port and the glass stopper replaced.
3. The clamp on the vacuum hose to the stirrer was removed, providing for sample mixing.
4. The background corrected absorbance was measured using a chart recorder. Peak absorbance was noted at 3 min after reductant addition.
5. At this time the air intake port (Fig. lb) was opened, followed by the sample removal port (Fig. lc) , resulting in the sample being flushed from the cell into a waste flask.
6. Wash solution, consisting of 6 mL 1007o concentrated HNO 3, was then pipetted into the sample container and flushed out.
7. The air intake and sample removal ports were then closed, concluding one complete measurement cycle.
In order to test the system, absorbance was measured as a function of both sample-reductant mixing time and stirrer speed. Mixing speed was monitored by powering the stirrer with water rather than a vacuum. This allowed for relating stirrer speed with flow in L/min through the stirrer. Figure 1 . Stationary cold vapor Hg apparatus, a). sample, reductant, and washing so)ution addition port; b). air intake port; c). waste sample removal port.
Results and Discussion

Effect of Mixing Rate
Prior to the actual use of the reduction-absorption apparatus for sample analysis, it was necessary to establish optimum operating parameters. The first factor studied was the influence of stirrer speed on absorbance values obtained while the amount of Hg added to the cell was held constant. Stirrer speed was measured indirectly by using water to power the stirrer. Figure 2 shows absorbance at 3.0 minutes after the reductant addition to 16 ng Hg in the sample cell v s increasing stirrer speed, as indicated by flow (L/min) through the stirrer. As was expected, increasing the mixing rate resulted in Journal of Analytical Toxicology, Vol. 5, M a r c h / A p r i l 1981 increasing the rate of reduction and volatilization of Hg, thereby causing elevated absorbance values. Since the relative flow and stirrer speed fluctuated somewhat after time when powered by water and the speed in the stirrer powered by vacuum remained constant, the vacuum was utilized for subsequent Hg determinations. Vacuum applied to the stirrer corresponded to 3.0 L/min water flow. This speed was found to be the highest that could be used without causing sample splashing in the reduction absorption cell.
Effect of Mixing Time
The time expended after the additon of reductant to the sample in the cell was studied as a function of the amount of Hg released to the vapor phase, as measured by absorbance at 2537 ~,. The results are presented in Figure 3 . It was observed that higher absorbance values could be obtained by using a longer mixing cycle. The absorbance increased at a slower rate, however, approximately three minutes after reductant addition. Therefore, a mixing cycle of 3.0 minutes was chosen for use of the reduction-absorption cell for sample analysis for Hg.
Standardization
A sample volume of 4.0 mL, containing Hg additions of 1.0 to 200 ng, produced the calibration curve presented in Figure  4 . One mL reductant was added and the sample-reductant mixing time was 3.0 minutes. Sensitivity of the method was 2.0 ng Hg (0.50 ng/mL Hg in a 4.0 mL sample giving a background corrected absorbance of 0.0044), which corresponded to 25 ng Hg per gram tissue when 0.50 grams were digested and diluted to 25 mL. Greater sensitivity (approximately 15 ng/g Hg) was observed when 7.0 mL digest was used rather than 4.0; but this caused the sample container portion of the tube to become completely full after the addition of reductant, increasing the chances of splashing the sample to other portions of the cell. Greater volumes of sample as well as small digest dilution volumes were only utilized when increased sensitivity was required, as was the case with National Bureau of Standards (NBS) bovine liver analysis. Small tissue aliquots were required for these samples to avoid foaming of digests and therefore, greater sensitivity was needed.
Uthe et al. obtained a sensitivity of approximately 10 ng/g Hg, based on the calibration curve derived from the cold vapor Hg technique employing separate reduction and absorption containers. The disadvantages of the method, however, were that the total sample digest was exhaused in the reduction step and duplicate runs on a single sample could only be accomplished if more tissue was digested, greater digest dilution obtained, and the digest divided into separate aliquots. In the present study, a single 25 mL digest obtained from 0.5 g tissue permitted six separate Hg determinations (4.0 mL per analysis).
Reproducibility studies were performed using 4.0, 20.0, and 80.0 ng Hg added to the Hg cell. In all cases, coefficients of variation were less than 5% (Table I) .
Analysis of NBS Reference Materials and Bovine Kidney
Triplicate digestion and analysis was performed on samples of NBS reference material and bovine kidney. The results are presented in Table II standard curve was constructed from Hg standards brought through the same digestion procedure as were samples. The lower per cent recovery obtained for NBS orchard leaves may have been due to slight losses caused by foaming during digestion. This is not uncommon for vegetation samples and did not occur with bovine kidney: in fact, tissue aliquots of 1.0 g and greater could be digested without foaming. Since kidney is of interest in terms of diagnostic pathology with Hg poisoning cases as well as being the focus of much attention in toxicological research (9), the need for accurate and rapid analysis of kidney tissue for Hg is evident. The stationary cold-vapor method described here provides the sensitivity and reproducibility needed for sub-microgram Hg determinations, requires relatively small amounts of sample (0.5 g), and allows multiple determinations on a single digest.
Presently investigations are underway in this laboratory dealing with the feasibility of a heated absorption cell to decrease interference from molecular absorption due to water vapor formation. This would essentially eliminate the need for background correction, as was demonstrated by Rains and Menis (4), for the conventional cold-vapor technique. More study is also being focused on increasing sensitivity, by providing for a larger sample volume to be introduced into the sample container; this would be accomplished by using a larger sample compartment. Likewise, sensitivity could be increased somewhat by decreasing the diameter of the absorption tube.
Conclusions
A stationary cold-vapor Hg system consisting of a single reduction-absorption cell was evaluated. Approximately 15 digested tissue samples can be analyzed per hour and the relatively small volume required for the determinations (4.0 mL) allows for a multiple analysis of a single tissue digest.
The apparatus is fitted into the burner mount on the atomic absorption spectrophotometer and is positioned into the light path similar to the burner and graphite furnace units. The system provides the reproducibility, sensitivity, and ease of operation comparable to conventional cold-vapor procedures and is therefore offered as a practical alternative to presently used methods. Table I 9 Mean ---+ standard deviation, n = 3 * *Wet weight
